Ten years of rocketsonde observations of wind and temperature in the 28-57 km height range at 12 stations (spanning 8øS to 76øN) were analyzed. The aim was to determine the geographical and seasonal variation of statistics relating to the propagation of inertia-gravity waves. As noted by earlier investigators, there is a clear tendency for the rocketsonde hodographs to display clockwise rotation with height in the extratropical northern hemisphere. This is consistent with the notion that the variations are dominated by inertia-gravity waves with upward energy propagation. By using the wind and temperature data simultaneously it was possible to determine a dominant direction of horizontal wave propagation for each profile. This quantity has an impressive seasonal variation in mid-latitudes, with strong eastward propagation apparent in summer and generally westward propagation in winter. This seasonal cycle is consistent with theoretical notions of how the mean flow ought to affect wave propagation. Two stations within 10 ø of the equator are included in this analysis. The results at these near-equatorial stations contrast strongly with those at higher latitudes. There is a clear tendency for the hodographs at these stations to display quite linear polarization (rather than the systematic rotation generally seen at higher latitudes). The wind variations also show a remarkable tendency to align themselves in the zonal direction. When the wind and temperature variations are used together, it can be shown that the variations seen are consistent with a clear dominance of eastward propagation. 
INTRODUCTION
Indirect observational inferences [e.g., Hartmann, 1976; Hamilton, 1983; Smith and Lyjak, 1985] and results from simple theoretical models [e.g., Lindzen, 1981; Holton, 1982] suggest that inertia-gravity (IG) waves of less than planetary scales play a significant role in the general circulation of the stratosphere. It is quite clear that in at least some comprehensive general circulation models (GCMs) the vertical momentum transports associated with resolved IG waves are of critical importance in the simulation of stratospheric circulation [Miyahara et al., 1986; Mahlman and Umscheid, 1987; Hamilton and Mahlman, 1988; Hayashi et al., 1989] . (Also note that low-resolution GCMs apparently need a parameterization of gravity wave effects to produce a realistic stratospheric simulation [Rind et al., 1988] .) Direct observations of IG wave fluxes are difficult, and it is doubtful that current observations could establish the global climatology of, say, the IG vertical momentum flux divergence. However, the analysis of available observations is of interest, both to confirm the qualitative expectations based on theories of IG wave propagation and to provide detailed benchmarks for comparison with comprehensive model simulations.
One source of data with potential for studying IG waves is the archive of meteorological rocketsonde observations. Rocketsondes typically return data on temperatures and horizontal winds at roughly 1-km vertical resolution for the height range from about 30 km to about 60 km. Hirota and Niki [1985] were apparently the first to note that the hodographs produced from individual rocket soundings typically display a roughly elliptical polarization with clockwise (counterclockwise) rotation with height in the northern (southern) hemisphere. They noted that this corresponds to This paper is not subject to U.S. copyright. Published in 1991 by the American Geophysical Union.
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expectations if the wind field were dominated by a single plane monochromatic IG wave with upward energy propagation. In this simple case the orientation and eccentricity of the polarization ellipse would indicate the horizontal direction of propagation and the intrinsic frequency of the wave. Hirota and Niki [1985] made a statistical study based on an examination of several hundred hodographs from a number of stations to determine the sense of polarization and eccentricity, as well as a vertical amplitude profile. Eckermann and Vincent [ 1989] (following the work of Vincent and Fritts [1987] ) used more objective analysis techniques applied to rocket measurements of the horizontal wind to study the climatology of IG waves over Woomera, Australia.
The present paper reports on an analysis of rocketsonde data covering a 10-year period at a number of stations throughout the world. The aim was to uncover any regular features of the stratospheric IG field in the climatological statistics of vertical wind and temperature variations. The analysis employed for the wind field was similar to (although less sophisticated than) that of Eckermann and Vincent [ 1989] . A novel feature of the present analysis was the use of both wind and temperature data. It will be shown that the derived statistics display a number of interesting systematic variations with season and latitude. The climatology created should be useful for comparison with results from general circulation models. Indeed, encouraging progress has been made in comparing a preliminary version of some of these rocket-derived statistics with comparable quantities computed from simulations produced by the Geophysical Fluid Dynamics Laboratory (GFDL) "SKYHI" tropospherestratosphere-mesosphere general circulation model [Hamilton, 1988 ].
DATA
The basic data employed were rocketsonde reports of horizontal winds and temperature for several stations for the For the present analysis the wind and temperature data at 1 km altitude intervals were extracted from the remaining profiles. Only soundings in which there were wind data reported at each level between 28 and 57 km, inclusive, were retained. Any profiles which had data at any of these levels flagged as "questionable" on the NCDC tapes were excluded. The vast majority of profiles with wind data from 28 to 57 km also had temperature data for the same levels.
The analysis described below required the computation of long-term mean profiles for individual months of the year. Thus attention has been restricted to the 12 s•ations that had at least 20 soundings during the 10-year period in each month of the year. These stations, along with the total number of soundings, are listed in Table 1 . The numbers are given for both "winter" (November through April) and "summer" (May through October).
In discussing the results it will often be Useful to distinguish thre• groups of stations: the "equatorial" stations (Kwajalein and Ascension Island), the "high-latitude" stations (Thule, Chatanika, Churchill, and Primrose Lake), and those for the remaining sites (Wallops Igland, Point Mugu, White Sands, Cape Kennedy, Barking Sands, hnd Antigua) which will be loosely referred to as tlie "mid-latitude" stations. profile. The results discussed in section 4 were found to be little changed if a somewhat different measure of dominant rotation were used, i.e., the number of levels for which the cross product with the level above is positive minus the number for which it is negative. As noted by earlier investigators, the use of wind data alone can determine a dominant direction of propagation only with a 180 ø ambiguity. In the simple case of a single plane IG wave this ambiguity can be resolved by examining both the variations in u' and T' (see Kitarnura and Hirota [1989] for one approach to this problem). It is easy to show that in this instance the wave perturbation T' and u' are in quadrature. However, the vertical derivative of T' will be either in phase or out of phase with u', depending on whether the wave horizontal phase velocity is parallel or antiparallel to the +u' axis. Thus the dominant propagation direction for each measured profile was determined from the sign of the quantity rl = (u' T'z).
Here the vertical temperature derivative T z was computed using centered differences on the 1-km grid, and the average was actually performed only over the 28 levels spanning 29-56 km. While all the results reported below were based on the sign of •, very similar results were obtained when the direction of propagation was determined by computing the correlation of temperature with the vertical derivative of u'.
BASIC RESULTS
In this section some of the basic results concerning the mean properties of the hodographs at individual stations will be examined. Comparisons will be frequently noted with the earlier work of Hirota and Niki [1985] (hereinafter referred to as HN). HN computed similar kinds of statistics relating to IG amplitude, sense of polarization, and anisotropy, but all were based on subjective examinations of filtered hodographs. HN also adopted a very simple high-pass filtering (retaining only vertical wavelengths shorter than 15 km) of the raw hodographs to (hopefully) isolate the IG wave component. This contrasts with the present approach described above in section 3.1, which included removal of the long-term climatological mean wind profile. Table 2 shows present determinations of the mean "win- ter" and "summer" amplitudes of both wind and temperature at each station. These values are simply the average over all available profiles of (u' 2 + v' 2)0.5 and (T'2) ø'5. The results suggest a tendency for higher IG wave wind amplitudes in the extratropics in winter than in summer and a tendency for larger amplitudes in low than in high latitudes, particularly in the summer. This appears to be consistent with HN's subjective amplitude determinations (see their Figure 3 ). The ratio of wind to temperature amplitudes in Table 2 is The first two columns in Table 3 give the fraction of profiles for which the dominant polarization was found to be clockwise with height as determined by the sign of •. There is a strong dominance of clockwise polarization at all the high-and mid-latitude stations. At Ascension Island the only southern hemisphere station, there is actually a preponderance of counterclockwise polarization. These results are consistent with HN's summary based on their subjective determination of the dominant sense of polarization.
The third and fourth columns in Table 3 One complicating factor at low latitudes is the large zonal wind variation associated with the quasi-biennial oscillation. A simple attempt to reduce the influence of this mean wind oscillation on the present analysis is discussed in section 8 below. Table 4 (Figure 7) . The results for the shortest wavelength waves (filter 3) in Tables 5-7 differ significantly from the longer wavelengths. When compared with filters 1 and 2, the collimation for filter 3 profiles is small and the fraction of clockwise profiles is low. Using Ascension Island rocket data, Hirota [1978] found that Kelvin waves dominated the fluctuations with vertical wavelengths greater than about 15 km. At shorter scales he found more isotropic disturbances. The present results are consistent with this general result but suggest that even at small vertical scales some residual preference for zonal orientation remains.
RESULTS FOR DIFFERENT VERTICAL SCALES
Eckermann and Vincent [1989] computed a number of vertical spectra and cospectra from their wind data, basing their approach on the Stokes' parameters of electromagnetic theory. A simpler approach with similar aims was adopted in the present study. After the initial filtering (see section 3.1), each profile can be decomposed into 15 vertical harmonics that are resolved by the 1-km data. Three filters were adopted to isolate particular vertical scale ranges: filter 1, including only the three harmonics corresponding to vertical wavelengths of 15, 10, and 7.5 km; filter 2 including the wavelengths from 6 to 4.3 km; and filter 3, which retained only wavelengths from 3.75 to 2 km. Tables 5-7 present various quantities computed from the filtered profiles for a high-latitude station (Table 5) , a mid-latitude station (Table  6 ) and an equatorial station (Table 7) . In each case most of the rms power resides in the 7.5-15 km wavelength range. The mean anisotropy, mean direction, collimation, and fraction of profiles displaying clockwise rotation with height are similar in each case whether filter 1 or filter 2 is applied, and the results are similar to those found from the full profile (Tables 3 and 4 ). This is supported by Figure 10 , which shows the histograms of dominant propagation directions for Results for Churchill in summer.
RESULTS FOR 3-MONTH SEASONS
The two "seasons" used in the various analyses reported above were chosen to represent roughly the period when mean easterlies fill the mid-latitude stratosphere ("summer") and the period of mean westerly flow ("winter"). The calculations were also repeated for shorter seasons defined as December-February (DJF), March-May (MAM), JuneAugust (JJA), and September-November (SON). The results for Churchill, White Sands, and Kwajalein are summarized in Tables 8, 9 , and 10, respectively. It was found that most quantities that showed strong "summer" versus "winter" contrasts had even larger differences between DJF and JJA values. Thus, for example, the seasonal differences in rms amplitude at Churchill, while apparent in the "summer"/ "winter" results in Table 2 , are even more pronounced in the DJF and JJA results (Table 8) . Similarly, the high "summer" values of collimation at White Sands (Table 4) are even higher when only the JJA period is considered (Table 9 ).
EFFECT OF THE QUASI-BIENNIAL OSCILLATION
The quasi-biennial oscillation (QBO) could affect the present results in two ways. The difference between any instantaneous wind profile and the long-term mean will depend to some extent on the phase of the QBO. Thus the profiles at the two equatorial stations after the processing described in section 3.2 are contaminated by a zonal wind and temperature component unrelated to the IG wave field. Fortunately, the QBO is known to drop off rapidly above 30 km altitude [Reed, 1965; Hamilton, 1981] , but this effect may still be appreciable. In addition, the QBO mean wind variations presumably affect the nature of the actual wave field present in the tropical upper stratosphere.
In order to assess these effects the analyses at Kwajalein and Ascension Island were repeated but with attention restricted to that portion of the full 10 years that had easterly QBO phase. The easterly periods were judged from the 50 mbar winds as read from Naujokat's [1986] time-height section 0f the mofithly mean zonal wind at Gan (1971 Gan ( -1975 and Singapore (1975 Singapore ( -1980 . Note that the long-term monthly means removed in the initial processing of the profiles were also based only on the period• of mean 50 mbar easterlies.
The results for winter at Kwajalein are shown in Table 11 It was suggested that the sign of the correlation of horizontal velocity and vertical temperature gradient could be used to unambiguously assign a dominant horizontal direction of propagation to each sounding. A number of impressive seasonal and geographical variations were found in the dominant propagation directions determined in this manner. In mid-latitudes there is a very strong tendency for dominant eastward propagation in summer and a less pronounced westward propagation in winter. This seasonal change is in agreement with expectations based on the effects of the mean flow on IG wave propagation [e.g., Lindzen, 1981] . At _the equatorial stations there is a very strong dominance of eastward propagation in all seasons. One possible interpretation of this result is that the wind and temperature variations in the tropical upper stratosphere are dominated by equatorial Kelvin waves.
Most of the wind and temperature variance was found to be concentrated in the largest vertical wavelengths resolved by the profiles. There was only rather weak dependence of most properties (sense of polarization, anisotropy, dominant propagation direction) on a vertical scale, except possibly at very short scales (wavelengths less than 4 km).
Any study of this nature must begin with some attempt to isolate the IG wave component of the flow in each profile. In the present work a long-term mean was removed from each profile and then a simple high-pass filter was applied in the results in the extratropics seem to be somewhat cleaner in summer than in winter. Thus, for example, the dominance of clockwise rotation with height at the extratropical sites is more complete in summer than winter. Similarly, the collimation of the ensemble of profiles is much higher in summer than in winter. In the tropics, two particular sources of concern are the diurnal tide and the QBO. To examine possible tidal contamination at the equatorial stations, the present analysis was repeated but restricted to consideration of profiles taken during a 3-hour range of local time. Similarly, spurious QBO effects were reduced by repeating the analysis with attention restricted to periods with a particular phase of the QBO. In both instances the results were quite similar to those obtained using the complete data set. The results summarized in the figures and tables of the present paper represent an attempt at a detailed climatology of those IG wave properties that can be deduced from single-station rocket data. Comparable statistics could be computed from integrations of stratospheric GCMs. A tomparison of model results with the present observed climatology should be a very useful check on the adequacy of model simulation. Preliminary work with the GFDL tropospherestratosphere-mesosphere "SKYHI" GCM has been quite encouraging [Hamilton, 1988] and more extensive calculations are in progress.
